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© Electrical therapeutic apparatus. 

© A high voltage pulsed electrical stimulation apparatus is 
provided which is useful for a variety of therapeutic pur- 
poses, and which is operable in a number of different modes 
of operation, including a continuous mode wherein the 
current is continuously applied, a surge mode wherein the 
current is periodically interrupted, and a reciprocate mode 
wherein a continuous current is alternately directed to two 
separate electrodes. The apparatus includes a meter (30) and 
associated circuitry (70) for measuring and visually display- 
ing the peak current of the pulses, which has been found to 



provide a very reliable indication of the effectiveness of the 
treatment. Also, the apparatus includes a treatment intensity 
balance control (42) and associated circuitry (50, 51, 58) for 
balancing current between the two electrodes in the recipro- 
cate mode, and which does not interfere with the desired 
peak current measurement. Further, circuitry (80, 81) is 
provided for effectively cushioning the initial application of 
current at the commencement of each surge of current when 
the apparatus is operated in the surge mode. 
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ELECTRICAL THERAPEUTIC APPARATUS 
The present invention relates to an improved 
therapeutic apparatus adapted to provide electrical stim- 
ulation to the human body. . 

High voltage pulsed electrical stimulators 
5 are presently known and used which are adapted to pro- 
vide electrical stimulation to the human body for a 
variety of clinical purposes, including the relief of 
muscle spasms, to reduce pain, to increase joint mobi- 
lity, and to increase circulation. Such stimulators are 
10 typically designed to deliver a pulsating direct 

current, at a voltage above about 150 volts, and with 
the direct current in the form of pulses of very short 
duration, ranging between about 50 and 100 microseconds. 
The delivered current is further characterized by a high 
15 peak amperage, which may be as high as 300 to 400 

milliamperes, which permits the current to penetrate to 
deep muscles or nerves. 

In one presently marketed stimulator of the 
described type, a number of different electrodes are 
20 provided which can be selectively employed to provide 
several different functional modes of operation. More 
particularly, the above stimulator includes a hand held 
•electrode or probe, which is used for locating muscle 
motor points, or locating and treating painful trigger 
25 'points. In addition, the stimulator includes a pair of 
• active flat electrodes which are adapted to be placed at 
spaced locations on the body. The current can be 
applied concurrently from the two electrodes, or it may 
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be alternated between the two electrodes to cause alter- 
nating muscle contractions for effectively exercising 
the muscle, or increasing localized circulation. In 
order to monitor the current being applied to the body, 

5 the stimulator includes a voltage intensity meter, 

which visually indicates the treatment intensity with 
any selected mode of application. 

The above described present stimulator also 
has provision for interrupting the pulsed current in a 

10 selected mode of application, to produce intermittent 
surges of pulsed current to the selected electrode. 
The application of such intermittent current is par- 
ticularly useful in that the interrupted current is 
usually more effective in producing muscle contractions 

15 and exercise as compared to a continuous pulsed 
current. 

When utilizing the above described apparatus 
in the mode wherein two electrodes apply the current to 
the body at spaced points, difficulty is often encount- 
ered in that the current delivered from the two 
electrodes may not be balanced, in view of the fact 
that the body has different conditions of electrical 
load or impedance at different points. Thus it is com- 
mon for one of the electrodes to deliver a relatively 
25 high level of current which is uncomfortable to the 

patient, when the electrode is placed on a point of low 
impedance. Such imbalance is uncomfortable to the 
patient, particularly when the unit is operated so that 
the current is reciprocated between the two electrodes, 
30 and the desired therapeutic function may not be 
achieved. 

The above described present apparatus is 
also deficient in that the therapist must rely on the 
patient reaction to determine whether the placement 
35 position of an electrode is effective, and patient 

reaction is sometimes difficult to detect and may not 
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be totally reliable. Still further , difficulties are 
often encountered with the present apparatus when 
operated in the interrupted current or surge mode, 
since the initial application of the current at the 

5 commencement of each surge may produce a sudden sensory 
shock which is uncomfortable to the patient, and which 
thereby interferes with the desired therapeutic func- 
tion. While the circuit of one present apparatus 
includes provision for gradually increasing, the current 

10 at the beginning of each surge, the slope of the 

increase or the "ramp-up" time is proportional to the 
pulse rate. However, this arrangement does not provide 
effective cushioning of the sensory shock for certain 
patients and at certain operating conditions. For 

15 example, the "ramp-up" time would always be relatively 
short at a high pulse rate, and at high intensity 
levels, the application of the full current may be 
uncomfortably abrupt at the commencement of each surge. 

It is accordingly an object of the present 

20 invention to provide a therapeutic apparatus which is 
adapted to provide electrical stimulation to the human 
body, and which effectively overcomes the above noted 
disadvantages and deficiencies of the present apparatus 
of this type. 

one aspect of 

25 It is a more particular object of /the pre- 

sent invention to provide a therapeutic apparatus of 
the described type which includes a pair of operative 
electrodes for alternately applying current to the body 
at spaced points, and which includes means for effec- 

30 tively balancing the current between the two electrodes. 
„ . , , , another aspect of 

It is also an object of/the present inven- 
tion to provide a therapeutic apparatus of the 
described type which has provision for monitoring and 
visibly displaying to the therapist the effectiveness 
35 of the treatment, and such that the therapist need not 
rely on the reaction of the patient. 
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a further aspect of 
It is still another object of /the present 

invention to provide a therapeutic apparatus of the 
described type which has provision for operating in a 
surge mode wherein pulsed current is intermittently 
applied, and wherein the initial current at the 
beginning of each surge is gradually increased, and 
the rate of increase is adjustable by the therapist so 
as to minimize shock to the patient, even at high 
intensity levels, and to permit the application of the 
current to be adjusted for the different tolerance 
levels of different patients. 

These and other objects and advantages of 
the present invention are achieved in the embodiment 
illustrated herein by the provision of a therapeutic 
apparatus which comprises a pair of electrodes adapted 
for operative electrical contact with the body of a 
patient, and circuit means for supplying a pulsed 
current to each of the electrodes, and with the cir- 
cuit preferably also including a timer for alternately 
directing the current to each electrode for a prede- 
termined time period. The circuit means also includes 
intensity balance control means for permitting the 
therapist to selectively increase or decrease the 
current flowing to one electrode with respect to the 
current flowing to the other electrode. Preferably r 
the intensity balance control means includes voltage 
attenuation means in association with each electrode, 
and such that changes in the voltage will result in a 
proportional change in the current, and without 
changing the impedance of the circuit, which would 
interfere with the desired current measurement as 
further described below. 

As a further aspect of the present inven- 
tion, it has been discovered that the peak current 
value of the pulsating current provides a highly 
effective means for monitoring the effectiveness of 
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the treatment. For example, in terms of muscle 
contraction, it has been found that the most effective 
treatment is achieved at high peak current levels, 
which are achieved at low impedance points on the 
body. The peak current value is highly responsive to 
changes in body impedance, as compared to the voltage 
or average current, and' with the present invention, 
means are provided for continuously monitoring and 
visibly displaying the peak current -value of the 
pulsed current produced by the circuit means. Thus 
the operator may locate the most effective treatment 
points on the body by manually moving the electrode 
from point to point on the body, while visually 
observing the peak current at each point. 

The preferred embodiment of the present 
invention also incorporates a circuit for supplying 
interrupted surges of the pulsed current to each 
electrode, and which further includes adjustable 
control means for adjustably selecting the duration of 
each surge, and the duration of the interval between 
surges. Further, the circuit includes function 
generator means for gradually increasing the current 
intensity from zero to a predetermined maximum inten- 
sity at the beginning of each surge, and for 
adjustably controlling the rate of such increase in 
the current intensity, with the rate of increase being 
a function of the selected duration of each surge. By 
this arrangement, a suitable adjustment for the dif- 
ferent tolerance levels of different patients may be 
readily effected, and thus any discomfort to the 
patient from the initial application of the current at 
the commencement of each surge may be effectively 
alleviated. 

Some of the objects and advantages of the 
invention having been stated, others will appear as 
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the description proceeds , when taken in connection 
with the accompanying drawings, in which — 

Figure 1 is a perspective view of a thera- 
peutic apparatus embodying the features of the present 
5 invention? 

Figure 2 is a front plan view of the control 
' panel on the apparatus shown in Figure 1; 

Figure 3 is a schematic representation of an 
intensity balance control circuit in accordance with 
10 the present invention; 

Figure 4 is a schematic representation of a 
peak current measuring circuit in accordance with the 
present invention; 

Figure 5 is a schematic representation of a 
15 surge control circuit in accordance with the present 
invention; 

Figure 6 is a current-time graph 
illustrating a current waveform adapted for use with 
the present invention; and 

20 Figure 7 is a current-time graph 

illustrating the current waveform in the intermittent 
or surge mode of operation. 

Referring more particularly to the drawings, 
Figure 1 illustrates generally at 10 a therapeutic 

25 apparatus in accordance with the present invention* 

In the illustrated embodiment, the apparatus includes 
a casing 12, to which there is releasably connected a 
hand held active electrode or probe 14 adapted for 
point or spot application, and a pair of flat active 

30 electrodes 15, 16, each having the form of a rec- 
tangular plate which may be about four inches square. 
The electrode 15 is designated by the color red, and 
the electrode 16 is designated by the color black. 
Further, there is provided a relatively large "flat 

35 indifferent electrode 18 which serves as a dispersive 
ground for the active electrodes. 
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The casing 12 of the apparatus mounts a 
front control panel 19, and houses an electrical pulse 
generator for supplying a pulsed current to the 
selected electrode. The pulse generator is shown 
schematically at 20 in Figures 3-5, and is of conven- 
tional known design. The current typically has a 
waveform consisting of adjacent or twin pulses as 
shown -in Figure 6, and is characterized by relatively 
high voltage, high peak but low average current r and 
very short pulse duration. The short duration of the 
pulses results in an inherently low power output, and 
no significant heat is generated in the electrodes. 

In the illustrated embodiment, the control 
panel 19 includes an intensity control knob 22 which 
permits the therapist to selectively adjust the 
voltage to a level between about 1 to 500 volts, and 
in normal operation, the peak current ranges between 
about 50 to 400 milliamps. The duration of each pulse 
(measured at half peak height) is typically between 
about 15 to 30 microseconds when measured with a load 
impedance of 1000 ohms, it being understood that the 
pulse width will vary with the impedance of the 
patient 1 s body. There is typically about 75 microse- 
conds between the pulses of each pair, and the total 
duration of each pair of adjacent pulses is on the 
order of about 100 microseconds. The frequency of the 
twin pulses is controlled by the knob 24 in a range of 
between about 1 to 120 twin pulses per second, and a 
light 25 is positioned adjacent the knob 24 which is 
lighted with each pulse to visually indicate the pulse 
rate. 

The control panel 19 further mounts a master 
on-off power switch 26, a master timer 28 for per- 
mitting the total treatment time to be selected, and a 
meter 30 for visually displaying either the vgltage or 
current (peak milliamps) as selected by the output 
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switch 31. Moving the output switch 31 to one posi- 
tion causes the meter 30 to display the voltage and to 
light the voltage readout indicator 32, and moving the 
switch 31 to the other position causes the meter 30 to 

5 display the peak current and to light the current 

readout indicator 34. Further, there is provided a 
polarity selector 35 for selecting either a positive 
or negative polarity for the pair of electrodes , and a 
function selector switch 36 for selecting the mode of 

10 operation. Specifically/ the selector switch 36 per- 
mits selection between the hand held probe 14 and the 
pair of electrodes 15 , 16. When the selector 36 is in 
the "probe" position the output is operatively con- 
nected to the probe 14 and in continuous operation. 

15 In the "continuous", "surge", and "reciprocate" posi- 
tions, the output is operatively connected to the pair 
of electrodes 15, 16. In "continuous" mode, the 
electrodes are on continuously, in "surge" mode, both 
electrodes are cycled on and off together at rates 

20 selected by the surge-on control dial 38 and surge-off 
control dial 40 , and in the manner illustrated in 
Figure 7 (wherein each vertical line represents a twin 
pulse). A light 41 is provided on the control panel 
adjacent the surge-on dial 38 which is lighted when an 

25 output is being applied. 

The "reciprocate" mode involves three selec- 
table time periods, namely 2.5, 5 and 10 seconds. 
These three positions determine the time that one 
electrode is on while the other is off, and at the 

30 selected interval, the electrode that is on will 

switch off and the electrode that is off will switch 
on. This alternate switching continues throughout the 
total treatment time as set by the master timer. 

Any time the selector switch 36 is moved, a 

35 safety circuit (not shown) is provided which ter- 
minates the output. The output will remain at zero 
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until the apparatus is reset, by rotation of the 
intensity control knob 22 to zero. Thus the intensity 
will always commence at zero with the commencement of 
any treatment mode. 

5 The control panel 19 further mounts an 

intensity balance knob 42 which is operable in the 
"reciprocate" mode as hereinafter further described, 
and a pair of indicator lights 43, 44 respectively 
designated red and black for visually indicating which 

10 of the pair of electrodes 15, 16 is operatively con- 
nected to the circuit. 

Figure 3 illustrates an intensity balance 
circuit adapted for use with the present invention 
when operated in the "reciprocate" mode. In the 

15 illustrated embodiment, a reference voltage is applied 
in the line 45 which includes the intensity control 46 
which is adjusted by the intensity knob 22. The 
voltage is then fed into the parallel branch lines 47, 
48. A separate voltage controlled attenuator 50, 51 

20 is positioned in each of the branch lines, together 

with an associated solid state switch 52, 53. The two 
branch lines then join and pass through the conven- 
tional pulse generator 20 which produces a high 
voltage pulsed current as described above. The output 

25 of the generator is directed to a pair of relays 55, 
56 which are respectively connected to the electrodes 
15 and 16. 

The intensity balance circuit further in- 
cludes a bridge network 58, which is operatively con- 

30 nected to the intensity balance control knob 4 2 on the 
control panel, and the bridge network is operatively 
connected to each of the voltage controlled atte- 
nuators 50, 51. A reciprocate timing and switching 
logic circuit 60 controls the two solid state switches 

35 52, 53, and incorporates the reciprocate timing por- 
tion of the switch 36 mounted on the control panel of 
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the apparatus. The circuit 60 further controls the 
pair of relays 55, 56 for selectively activating the 
electrodes 15 , 16 , concurrently with the closing of 
the associated solid state switch 52 , 53. 

5 In operation, the intensity balance control 

knob 42 is initially placed in the middle of its rota- 
tion, and the bridge is thus balanced such that there 
is no output from the bridge. If the knob 42 is 
turned clockwise, the wiper of the control moves 

10 upwardly as seen in Figure 3 and becomes more positive 
than the juncture 62 between the two resistors 63, 64 
causing the attenuator 51 in the black line to 
increase its attenuation and thus decrease its 
voltage, while the attenuation in the red line is 

15 unchanged. If the knob 42 is turned counterclockwise, 
the wiper becomes more negative than the resistor 
junction 62, causing the red line attenuator 50 to 
increasingly attenuate the intensity level, while that 
in the black line is unchanged. The reciprocate 

20 timing logic 60 alternately interconnects the red 

electrode and the black electrode to the output cir- 
cuit, concurrently with the closure of the associated 
switches 52, 53. 

The changes in voltage from the attenutors 

25 will result in a proportional change in current to the 
associated electrodes. Thus the illustrated voltage 
attenuation circuit permits the therapist to selec- 
tively increase or decrease the current flowing to one 
electrode with respect to the current flowing to the 

30 other electrode. Further, the current may be changed 
without changing the impedance of the circuit, which 
would interfere with the measurement of the peak 
current to the body, and the circuit will maintain a 
low impedance as compared to the impedance of the 

35 patient's, body, to thereby permit accurate measurement 
of the peak current to the body. 
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Figure 4 illustrates a circuit for con- 
tinuously monitoring and visually displaying the peak 
current value of the pulsed current flowing from the 
generator 20. In the illustrated embodiment, the cir- 
cuit includes a current transformer 70 having an asso- 
ciated shunt 71 r which develops a voltage that is 
proportional to the current flowing to the electrode. 
The transformer also serves to isolate the circuit 
from the patient for safety purposes. A wide band 
amplifier 7 2 amplifies the output of the current 
transformer by for example a factor of forty, and then - 
feeds the large output to the diode capacitor network 
73. The diode acts to charge the capacitor to the 
peak voltage from the wide band amplifier. The buffer 
75 provides an output that is the same as the voltage 
to which the capacitor is charged, and this output, 
which is proportional to the peak current, is 
displayed on the control panel meter 30 when the 
switch 31 is moved to the amperage readout position. 
The output is also fed back in line 76 to the wide 
band amplifier to compensate for nonlinear it ies in the 
diode and to control the gain of the wide band 
amplifier. The display meter 30 includes a pivotally 
mounted needle, and the needle movement follows the 
output of the buffer 75 for limiting the rapid move- 
ment thereof. 

A preferred embodiment of a surge control 
circuit is illustrated schematically in Figure 5, and 
is composed of a function generator 80 and a voltage 
controlled attenuator 81 which modulates a reference 
voltage which controls the high voltage pulse genera- . 
tor 20. The function generator 80 produces a control 
voltage output with four controlled functions, namely, 
the surge-on time as determined by the setting of the 
dial 38 on the control panel, the surge-off time as 
determined by the setting of the dial 40, the ramp- 
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time and the ramp-down time, note Figure 7. As 
illustrated, the surge-on dial 38 and the surge-off 
dial 40 each have a control variable from 0.1 to 10 
seconds. Also, by conventional circuit design, the 
ramp-up time is proportional to the surge-on time, and 
the ramp-down time is fixed at ,03 seconds. The 
control voltage from the function generator 80 is fed 
to the voltage controlled attenuator 81, which modu- 
lates the voltage determined by the variable intensity 
control 82, which* is controlled by the knob 22 on the 
control panel. The modulated voltage in turn controls 
the output voltage of the pulse generator 20 from zero 
to the preset maximum intensity. 

In the illustrated embodiment, the ramp-up 
time is about one third of the surge-on time as set by 
the aial 38 . Thus the therapist may effectively 
cushion the sensory shock to the patient at the com- 
mencement of each surge, by extending the surge-on 
time to thereby lengthen the ramp-up time. Further, 
such tieing of the ramp-up time to the surge-on time 
permits effective control without the use of addi- 
tional dials on the control panel. 

In the drawings and specification, there has 
been set forth a preferred embodiment of the inven- 
tion, and although specific terms are employed, they 
are used in a generic and descriptive sense only and 
not for purposes of limitation. 
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CLAIMS 

1. In a therapeutic apparatus (10) for 
applying electrical stimulation to at least two spaced 
points on the body of a patient, and having the abi- 
lity to balance the stimulation felt by the patient at 
the two spaced points, and comprising a pair of 
electrodes (15, 16) adapted for operative electrical 
contact with the body of the patient, circuit means 
(20) operatively connected to each of said electrodes 
for supplying a pulsed current thereto, * with the 
current being characterized by relatively high 
voltage, high peak but low average current, and very 
short pulse duration, the improvement wherein said 
circuit means includes intensity balance means (42, 
50, 51, 58) for selectively increasing or decreasing 
the current flowing to one electrode with respect to 
the current flowing to the other electrode, to thereby 
permit adjustment for different impedances of dif- 
ferent parts of the body and permit the patient's sen- 
sation from the two electrodes to be balanced, 

2. The therapeutic apparatus as defined in 
Claim 1 wherein said circuit means includes means (20) 
for generating a pulsed current having a selectable 
voltage of between about 1 to 500 volts, and a peak 
current in normal operation of between about 50 to 400 
milliamperes. 

3. The therapeutic apparatus as defined in 
Claim 2 wherein said circuit means further includes 
means (20) for generating a current having a wave- 
form of closely adjacent pairs of pulses, with the 
duration of each pair being about 100 microseconds, 
and means for adjusting the frequency of the pairs of 
pulses in a range between about 1 to 120 per second. 
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4. The therapeutic apparatus as defined in 
any one of Claims 1-3 wherein said intensity balance 
control means includes separate voltage attenuation 
means (50, 51) in association with each electrode, and 
such that changes in the voltage resulting from said 
voltage attenuation means will result in a change in 
the current without significantly changing the impe- 
dance of said circuit means, 

5. The therapeutic apparatus as defined in 
Claim 4 wherein said intensity balance means further 
includes adjustable bridge circuit means (58) opera- 
tively connected to each of said voltage attenuation 
means for selectively changing the attenuation 
thereof. 

6. The therapeutic apparatus as defined in 
Claim 5 further comprising intensity control means 
(46) for adjustably increasing or decreasing the 
current flowing to both of the electrodes. 

7. The therapeutic apparatus as defined in 
Claim 5 wherein said circuit means further comprises 
means (30) for continuously monitoring and visibly 
displaying the peak current value of the pulsed 
current. 

8. The therapeutic apparatus as defined in 
Claim 5 wherein said circuit means further comprises 
switch means (36) for selectively adjusting the time 
for directing the current to each electrode. 

9 # In a therapeutic apparatus for applying 
electrical stimulation to at least two spaced points 
on the body of a patient, and having the ability to 
balance the stimulation felt by the patient at the two 
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spaced points, and comprising a pair of electrodes 
(15, 16) adapted for operative electrical contact with 
the body of the patient, current generator means (20) 
for generating a pulsed current characterized by 
relatively high voltage, high peak but low average 
current, and very short pulse duration, the improve- 
ment therein comprising 

an output line from said current generator 
means and having first output switch means (55) for 
operatively connecting a first of said pair of 
electrodes to said generator means, and second output 
switch means (56) for operatively connecting a second 
of said pair of electrodes to said generator means, 

input means (45) for providing a controlled 
reference voltage to said current generator means to 
control the magnitude of the current generated 
thereby, and including a pair of parallel branch 
lines (47, 48), voltage attenuation means (50, 51) 
disposed in each of said branch lines, first branch 
line switch means (52) disposed in one of said branch 
lines, and second branch line switch means (53) 
disposed in the other of said branch lines, 

control means (42, 58) operatively connected 
to each of said voltage attenuation means for selec- 
tively controlling the attenuation thereof, and 

timing logic switch means (60) for alter- 
nately (a) closing both said first output switch means 
and first branch line switch means, and (b) closing 
both said second output switch means and second branch 
line switch means, whereby the current is alternately 
directed to each electrode, and the current to each 
electrode is controlled by an individual one of said 
voltage attenuation means. 

10. The therapeutic apparatus as defined in 
Claim 9 wherein said timing logic switch means includes 
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means (36) for varying the time between the alter- 
nating closure of the switch means. 

11. The therapeutic apparatus as defined in 
Claim 9 wherein said input means further includes a 
common intensity control means (46) connected to each 
of said branch lines. 

12. The therapeutic apparatus as defined in 
any one of Claims 9-11 wherein said control means 
includes a bridge circuit (58) operatively connected 
to each of said voltage attenuation means , and such 

5 that a change in the output of the bridge circuit acts 
to increase or decrease the current flowing to one 
electrode with respect to the current flowing to the 
other electrode. 

13. In a therapeutic apparatus for applying 
electrical stimulation to the body of a patient, which 
is characterized by the ability to permit the operator 
to accurately monitor the effect of the current on the 

5 body, and having at least one electrode (14) adapted 
for operative electrical contact with the body of the 
patient, and circuit means (20) operatively connected 
to said electrode for supplying a pulsed current 
thereto, with the current being characterized by rela- 

10 tively high voltage, high peak but low average 

current, and very short pulse duration, the improve- 
ment therein comprising 

means (30, 70) for continuously monitoring 
and visibly displaying the peak current value of the 

15 pulsed current produced by said circuit means, whereby 
the operator of the apparatus may visually monitor the 
peak current value and the effectiveness of the treat- 
ment. 
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14. The therapeutic apparatus as defined in 
Claim 13 wherein said monitoring and displaying means 
includes , 

an amperage display meter (30) r 

transformer means (70) for producing a 
voltage proportional to the current passing through 
said electrode, 

capacitive means (73) operatively associated 
with said transformer means for storing a charge pro- 
portional to the peak current, and 

output means (75) operatively intercon- 
necting said capacitive means and said display meter, 
whereby the peak current is continuously displayed on 
the meter . 

15. In a therapeutic apparatus for applying 
electrical stimulation to the body of a patient, which 
is characterized by the ability to apply a pulsed 
current in interrupted surges, and by the ability to 
effectively alleviate any discomfort to the patient 
from the initial application of the current at the 
commencement of each surge, said apparatus having at 
least one electrode (14) adapted for operative 
electrical contact with the body of the patient, cir- 
cuit means (20) operatively connected to each of said 
electrodes for supplying a pulsed current thereto, 
with the current being characterized by relatively 
high voltage, high peak but low average current, and 
very short pulse duration, the improvement therein 
comprising 

adjustable intensity control means (82) 
operatively connected to said circuit means for select- 
ively setting the intensity of the current flowing to 
each electrode, and 

current control means (38, 80, 81) operative- 
ly connected to said circuit means for periodically 
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interrupting the current to produce interrupted surges 
of pulsed current, and including adjustable control 
means (38) for adjustably selecting the duration of 

25 each surge, and function generator means (80) for 

gradually increasing the current intensity from zero 
to a predetermined maximum intensity at the beginnning 
of each of said surges and for controlling the rate of 
such increase in the current intensity, with the rate 

30 of increase being a function of the selected duration 
of each surge. 

16. The therapeutic apparatus as defined in 
Claim 15 wherein said function generator means further 
includes means for gradually decreasing the current 
intensity from the predetermined maximum intensity to 

5 zero at the termination of each of said surges. 

17. The therapeutic apparatus as defined in 
Claims 15 or 16 wherein said current control means 
further includes means (40) for adjustably selecting 
the duration of the interval between surges. 
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